research and concerns to government, the air quality in New Delhi is degrading and has reached a critical point and Agarwal et al. (2002) ]. According to the Air Quality Index (AQI), the urban areas are facing major threat, consequently the trend study and analysis of AQI is going on at various places (Ex: Lanzafame et al. (2015) ). In this research we use the evolved similarity index formula of Bray-Crutis of 1957, which is applied in various studies such as ecology (Onofri et al. (2015) ), marine (Schulz (2016) ), and astrophysics (Schulze-Makuch et al. (2011) and Kashyap et al. (2017) ). A new indexing measure to check the similarity of air pollution in different cities (such as: Bengaluru, New Delhi and Jungfraujoch) with respect to the New Delhi air pollution is introduced, which is called Delhi Similarity Index (DSI).
DSI is basically defined as the geometrical mean of the trace gases such as: ozone, sulfur-dioxide and carbon-monoxide, which ranges from 0 (dissimilar to Delhi) to 0.9-1 (similar to Delhi). For past several years, Delhi's PM 2.5 (Particulate Matter ≤ 2.5 microns) level has crossed the threshold of WHO standards atleast a few times in an year, as studied by Tiwari et al. (2013) . Various studies have been performed over the atmospheric and surface pollution of Delhi : Ghude et al. (2008) , Srivastava et al. (2008) . Geographic Information System (GIS) has also been employed to study the spread and compare the pollution over time within a city. Matějíček et al. (2006) , Jerrett et al. (2001) . Hence in this paper we have dedicated a section to understand PM 2.5 trends in New Delhi and Bengaluru along DSI analysis.
The paper structure is as follows: Section 2 contains the formulation of DSI, Section 3 is about data collection along with the geo-political description of stations, section 4 deals with the Results of DSI, section 5 has the PM 2.5 analysis of Bengaluru and New Delhi, and section 6 is concluded by the discussion and conclusion.
| FORMULATION OF DELHI SIMILARITY INDEX (DSI)
The Bary-Curtis' similarity index from 1957 is used in this formulation with the indices division of 0.2 intervals Bloom (1981) , the classifications are as follows: very low, low, moderate, high and very high similarity regions. Here, we define the threshold to very high similarity region with the threshold of V = 0.8. Defining the physical limits x a and x b of the permissible variation of a variable with respect to x 0 (i.e. x a < x 0 < x b ), we calculate the weight exponents for the lower w a and upper w b limits,
The average weight is found by taking the geometric mean of w a and w b ,
The Delhi Similarity Index is defined, as (for the entire abstract derivation refer Kashyap et al. (2017) ],
where x is the concentration of the trace gases under observation, and x 0 is the standard for the respective trace gases as advised by Central Pollution Control Board (CPCB), India .
The yearly Delhi Similarity Index is the geometric mean of the DSI value of the trace gases (3).
Where, D S I O 3 , D S I SO 2 , and D S I C O are the Delhi Similarity Index values of ozone, sulfur-dioxide and carbonmonoxide, which ranges from 0 (dissimilar to Delhi) to 0.9-1 (similar to Delhi).
| DATA COLLECTION AND SITE DESCRIPTION

| New Delhi
The average altitude of Delhi is about 216m and the data for New Delhi is obtained from Central Pollution Control Board (CPCB) 1 , and this AQI data station is located at Shadipur (28 • 39 05.8"N , 77 • 09 29.5"E ) India. New Delhi is one of the most populated metropolitan region in India. According to the 2011 census done by the Indian Government, the population density of Delhi is about 11,000 people per square kilometer, The last census was taken 8 years ago, and
given the exponential rise in population being observed in Delhi, the United Nations estimates that Delhi will become 
| Bengaluru
The altitude of Bengaluru is about 920 m and the data for Bengaluru is also obtained from CPCB website, the data station is located at BTM layout (12 • 54 47.5"N , 77 • 36 33.3"E ) which is a residential area in Bengaluru. Unlike New Delhi, Bengaluru experiences a mild temperature throughout the year with almost no extreme variations; the annual mean temperature is around 25 • C, April and May being the hottest. Bengaluru is the target center of our study, which acts as the neutral point between New Delhi (major air pollution) and Jungfraujoch (minor air pollution).
| Jungfraujoch
Jungfraujoch is a station in the European Alps of Switzerland, it is located almost at the center of Europe, at an altitude of around 3460 m. It is a significant contributor to atmospheric data due to lack of pollutants at a good elevation and the nearby industrial areas located at lower altitudes. Daily data collected, for all the three cities, from 2011 to 2014, the annual average is taken separately for all the trace gases and tabulated (Table: 2).
| RESULTS
The calculated weight exponent parameters for New Delhi data are tabulated in Table 2 . The weight exponents calculations are done using Eq 1, and the lower and upper limit of the trace gas data set is selected (here the minimum and maximum data recorded from 2011 -2014).
TA B L E 1 DSI Parameters' Based on the exponents in Table 1 , we calculate the Delhi similarity index for the the three trace gases using
Equation 3 TA B L E 2 Delhi Similarity Index values of individual trace gases As evident from Table 3 , the DSI values for Delhi is maximum for all the years, whereas it is least for Jungfraujoch.
The variation in Jungfraujoch is because of high O 3 content observed can be attributed to its high altitude. The increase in the DSI value for Bengaluru is because of the increase in SO 2 concentration in 2013-14.
The concentration variations of trace gases from 2011 to 2014 data is graphically represented in figure 1 . The large variations of data is observed in C O and O 3 , than SO 2 . This could be because of large quantity of carbon emissions from vehicles, which in turn deplete the ozone layer. 
| N O 2 data deviation
The boundary conditions of similarity index observed as a limit, that the data obtained from the CPCB database doesn't work on specific forms of data sets. The data set of N O 2 falls under the following condition:
Where x max is the maximum value of x, and x 0 is the reference value. The weight exponent calculated for this form of condition does not yield any result. Hence N O 2 data is not applied in the similarity index tool, but the tool is valid for the above-mentioned trace gases except N O 2 .
The Daily N O 2 concentration for Delhi is given in Figure 3 , a pattern is detected throughout 2011-17, with a high concentration of N O 2 occurring during November each year, which in turn can be linked to the burning of crops in the nearby cities. 
| PM 2.GIS ANALYSIS FOR BENGALURU AND NEW DELHI
Suspended particle matter in the air of size 2.5 is the basic full form of PM 2.5. The PM 2.5 data of the year 2017 from CPCB data is plotted using a Geographical Information system (GIS). The sites used for the analysis are Bengaluru and New Delhi, as data for Jungfraujoch, is not available. However, the ozone depletion is observed to be more significant in Jungfraujoch, than the PM 2.5 pollutant. GIS plots are used to study PM 2.5 effects and proliferation (as done in Jerrett et al. (2001), Matějíček et al. (2006) ). The GIS plot (interpolation and scatter) for PM 2.5 content in Bengaluru, agrees with the above mentioned trends, like Peenya has higher concentration. The 3 stations are marked in green dots and the concentration intensity scale is shown in the right side of the GIS interpolation plot.
| Bengaluru
| New Delhi
For the New Delhi PM 2.5 sample of 2017, the available data is taken from nine CPCB stations, (namely: ITO, Mandir The maximum PM 2.5 content is observed in the first week of November, which can be attributed to the burning of the crops in the neighbouring cities. The same pattern is observed in all the stations throughout the year. The PM 2.5 concentration is so high, that temperature does not seem to be the major factor in militating or mitigating the PM 2.5 content, as such seasonal variation was observed in Bengaluru (Figure 4 ).
The GIS plot (interpolation and scatter plot) for New Delhi is given below in figure 7. The green dots in figure 7 F I G U R E 7 GIS interpolation of New Delhi's annual PM 2.5 concentration from around 17 CPCB stations across the city (left). Relative Scatter Plot of annual PM 2.5 average (right).
indication CPCB stations and the variations of PM 2.5 intensity is high in almost all chosen areas. The Bhuvan satellite vegetation images gives the size of built-up area (in red) of New Delhi and Bengaluru.
F I G U R E 8 New Delhi and Bengaluru Vegetation with Bhuvan satellite view
Even though the built up area of Bengaluru seems to be larger, the air pollution constraints seems to be follow the similar trend. The green and the blue, indicating the need of clean air and water has to be protected and improved.
| DISCUSSION AND CONCLUSION
As shown in Table 2 , different cities have different pollution levels for different gases, which is a result of human intervention, geographic position -altitude, and proximity from the coastline of the city. Therefore, a direct comparison of the concentration of trace gases is an inefficient measure of the level of pollution in a city. In other words, DSI is an index that can be used to compare the atmospheric deterioration (due to trace/greenhouse gases) for two or more cities. 
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